Abstract This paper focuses on the issue of longer appointment lead-time in the obstetrics outpatient department of a maternal-child hospital in Colombia. Because of extended appointment lead-time, women with high-risk pregnancy could develop severe complications in their health status and put their babies at risk. This problem was detected through a project selection process explained in this article and to solve it, Six Sigma methodology has been used. First, the process was defined through a SIPOC diagram to identify its input and output variables. Second, six sigma performance indicators were calculated to establish the process baseline. Then, a fishbone diagram was used to determine the possible causes of the problem. These causes were validated with the aid of correlation analysis and other statistical tools. Later, improvement strategies were designed to reduce appointment leadtime in this department. Project results evidenced that average appointment lead-time reduced from 6,89 days to 4,08 days and the deviation standard dropped from 1,57 days to 1,24 days. In this way, the hospital will serve pregnant women faster, which represents a risk reduction of perinatal and maternal mortality.
Introduction
With basis on the forecasts of global population growth for the next 30 years, the increased longevity of people and the government's intention to extend the coverage of health services, it can be said that healthcare industry is one of the sectors with the highest growth potential in the coming years [1, 2] . This creates a number of new challenges and opportunities for both health insurance companies and medical centers since, the demand for health services will continue to rise and it will be required to have medical procedures with high quality and safety standards, shorter service times and the suppression of non-value added activities in the process, which will increase the operational capacity and drive down service costs [3] .
At present, Six Sigma has turned out to be a response to those organizations that face a considerable growth in demand of their products and service. This demand must be satisfied with greater efficiency and effectiveness [4] . For this reason, many health insurance companies have implemented Six Sigma as a business strategy to diminish medical errors, reduce service times in both administrative and clinical processes, improve the supply of drugs and diagnostic services, and shrink the investments in cost-intensive treatments. This has allowed these organizations are sustainable both financially and operationally without adversely affecting the quality of their services [5] .
The appointment lead-time, defined as time since appointment request until patient care, is one of the critical to satisfaction (CTS) in healthcare sector since patients want to have shorter waiting times since their health problems affect their quality of life. Therefore, this paper presents the methodology and results of a Six Sigma project that was implemented in a maternal-child hospital, whose primary aim was to reduce the appointment leadtime in its obstetrics outpatient department (OOD). The results show the effectiveness of Six Sigma to achieve significant improvements in service processes.
The remainder of this paper is organized as follows: BSix Sigma and its applications on healthcare industryŜ ection presents a recent literature review on six sigma applications in healthcare; in BMethodology^Section, methodology is described; BResults and discussion: Improvement of appointment lead-time in an obstetrics outpatient department of hospital sector^Section shows and discusses the results of the case study. Finally, BConclusions^Section presents the conclusions.
Six Sigma and its Applications on Healthcare Industry
The first applications of Six Sigma took place in manufacturing enterprises. However, because of its effectiveness in solving quality and efficiency problems, its scope was extended to cover several sectors, inter alia: services, healthcare and education. The first specific implementation of Six Sigma in healthcare sector occurred in 1998 at Commonwealth Health Corporation. Some of the results include 33 % increase in throughput, 21.5 % reduction of operational costs in Radiology Department and US$2.5 million in savings [6] .
As regards the quality of healthcare services, Six Sigma can deal with various aspects such as: patient safety, effectiveness, patient satisfaction, appointment lead-time, efficiency and equity [7] . In the particular case of appointment lead-time and [8] used Six Sigma in a rural hospital achieving a reduction of 97 % for time spent in face-to-face patient care and 91 % in patient waiting time. Gijo & Antony [9] implemented Lean Six Sigma in an outpatient department. In this case, the average waiting time was reduced from 57 min to 24.5 min and standard deviation dropped from 31.35 min to 9.27 min. Furthermore, Lin, Jin & Chia [10] used Lean Six Sigma-based simulation in the ophthalmology department of a clinic. Through this methodology, a redesign of the appointment system was presented with 23.7 % reduction in patients' waiting time. Another case study is exposed by Lin et al. [11] who applied Lean Six Sigma in Otorhinolaryngology department and as a result of this, patient's waiting time decreased by 24 %, time spent in face-toface patient care improved by 34 % and the distance traveled by patients and hospital staff fell by 34 %. Mandahawi et al. [12] also worked on this area to improve its efficiency and reduce its average stay length. Their intervention achieved a 48 % decrease in these performance indicators. On the other hand, Fischman [13] used Lean Six Sigma in the Internal Medicine area of an Emergency Department with the purpose of improving patient flow by decreasing patient waiting time between triage and medical care. Another case study was presented by Huddle et al. [14] who implemented Lean Six Sigma in an audiology clinic. This application improved the [15] , who applied Lean Six Sigma to reduce the turnaround-time (TAT) of the medical reporting process. TAT dropped from 18 min to 9 min which represents a 50 % decrease; moreover, the inventory level and the number of required staff were also reduced. Furthermore, Lamm et al. [16] used an adaptation of DMAIC methodology to improve the efficiency of chemotherapy process for adults. On the other hand, Kim et al. [17] applied Six Sigma to reduce patient's waiting time in phlebotomy process. Jiju, Jose & Johny [18] employed Six Sigma to reduce the sampling time in the pathology department of a clinic affiliated with a manufacturing company.
One of the commonest applications of Lean Six Sigma in healthcare is provided by surgery departments since quality, appointment lead-time, efficiency and costs are critical aspects for any healthcare provider. Bender et al. [19] used DMAIC methodology of Six Sigma aiming to improve the efficiency of a surgery department. With this implementation, resource utilization and incomings were increased; while set-up times, operational costs and overtime were reduced. Sedlack [20] implemented Six Sigma and Statistical Process Control (SPC) to improve the efficiency of colon surgery process (recovery, set-up and billing). Finally, Cima et al. [21] developed a comprehensive project that involves all the surgical specialties. With this project, process efficiency (from service approval to patient outflow) was improved with focus on operational downtimes, information management and patient flow.
As can be observed in the previous literature review, Lean Six Sigma can be applied in any medical specialty or clinical service offered by a healthcare provider; thus, its implementation has been increased exponentially over the past few years. In this case, the contribution of the present paper consists about presenting the implementation of Six Sigma in ginecobstetrics department, including previous phases such as the identification of opportunities and project selection through multicriteria decision making (MCDM) techniques which is a critical aspect to ensure the project's success and reduce risks. 
Methodology
To develop a successful Six Sigma implementation, it is necessary to carry out a series of support activities to ensure compliance with the next aspects: First, the problem must be addressed in line with strategic objectives. Second, the solution to the problem creates a significant impact on service quality and causes a substantial reduction of costs. Finally, it must contribute to improving patient satisfaction with regard to the quality, safety and efficiency of the healthcare services [22] [23] [24] . Thus, prior to developing the project, a four-phase methodology was designed (See Fig. 1 ):
Phase I -Identification To identify key improvement areas is necessary to analyze three aspects in an organization: First, customer voice; Second, strategic goals and organization policies and third, the processes and their key performance indicators (KPI's). The Voice of Customer analysis (VOC) is done by identifying the critical to satisfaction (CTS). For this, a survey for healthcare providers was carried out in order to determine the quality characteristics with the highest relevance in medical care. Once the customer perceptions have been obtained, the organizational policies, goals and KPI's are defined. KPI's should be specified in terms of current condition and a target with the aim of assessing the effectiveness of the Six Sigma projects that will be finally selected for their application.
Phase II -Alternatives The creation of potential Six Sigma projects is done by linking each organizational goal with several points for improvement that are previously detected by VOC analysis. In this way, a Six Sigma project portfolio is deployed with measurements and coherently towards the organizational vision and current market. A scheme used to articulate organizational goals with VOC is presented in Fig. 2 [25] : Phase III -Prioritization The selection process of Six Sigma projects is to evaluate a project portfolio with a view to achieving organizational goals by implementing some of them [26, 27] . It is one of the most critical stages of a Six Sigma process afforded by the fact that defines much of the success in the deployment and implementation of the program [28, 29] . Therefore, it is important to ensure that the projects are selected in line with the organizational goals and objectives of healthcare providers [30] . In the evaluation process, four criteria were defined: OPPORTUNITIES, BENEFITS, RISKS and COSTS. Each of them was divided into sub-criteria for a total of 15 sub-criteria in the decision making model. Three strategic goals were also defined: BUSINESS E X C E L L E N C E , R E V E N U E G R O W I N G a n d PRODUCTIVITY. Besides, it is proposed to combine two MCDM techniques: ANP (Analytic Network Process) and DEMATEL (Decision Making Trial and Evaluation Laboratory). Both techniques have been successfully used in project selection and are based on pairwise comparisons related to the influence and importance of decision factors and sub-factors [31] . These comparisons have to be made by a Six-Sigma team whose participants must be chosen according to their experience and their position in the company related to the project. A decision-making scheme is presented in Fig. 3 to illustrate the steps of Six-Sigma project selection process.
Phase IV. Execution Finally, the selected project is developed by using DMAIC cycle which consists of five steps: DEFINE, MEASURE, ANALYZE, IMPROVE and CONTROL. DEFINE involves defining the problem, indicating how it affects the customer and what benefits could be achieved with the project implementation. MEASURE is to determine the current status of the process through the calculation of KPI's. ANALYZE comprises identifying the causes of the problem through the use of statistical tools. IMPROVE consists of evaluating and implementing solutions to ensure the fulfillment of strategic goals. As final step, CONTROL is to design a system to maintain the improvements already achieved.
A case study with the implementation of the proposed methodology in a maternal-child hospital is presented in BResults and discussion: Improvement of appointment leadtime in an obstetrics outpatient department of hospital sectorŜ ection to prove its validity and effectiveness. First, the hospital identified a set of needs based on VOC and KPI's analysis. Then, with the support of a Six-Sigma team, it created a Six-Sigma project portfolio and selected the most prioritized project (Improvement of appointment lead-time in an obstetrics outpatient department) according to a multi-criteria decision making (MCDM) model and a hybrid MCDM technique between ANP and DEMATEL [32] . Finally, the selected project was executed using DMAIC cycle and the results evidenced the suitability of the suggested methodology.
Results and discussion: improvement of appointment lead-time in an obstetrics outpatient department of hospital sector Phase I. Identification
The case study presented in this paper is part of a research project implemented in the obstetrics outpatient department of a maternal-child hospital during 2014. This hospital is one of the most traditional healthcare organizations in public sector of Colombia and provides high-complexity services to 18,362 patients per year approximately. Its main goals are focused on promoting efficient resource utilization and patient satisfaction. However, the hospital lacked an efficient way to deploy these organizational goals to potential projects. In this sense, any Six-Sigma project could be selected without establishing whether it had the highest positive impact on the company; reason why it was possible to choose a non-significant project for the organization. To avoid this, it was necessary to previously identify the primary weaknesses of the hospital by evaluating patient's perception and KPI's (Key performance indexes). For this, a VOC (Voice of Customer) study and an analysis of indicators were carried out.
An example of a VOC format used in this study is shown in Table 1 . In this, each hospital department is evaluated by its clients/users in terms of its critical to satisfaction. Each critical can be assessed as: E (Excellent), G (Good), A (Acceptable) or U (Unacceptable). Those critical with BA^or BU^grades in more than 50 % of the clients, were categorized as BVOC findings^The results, in terms of VOC findings, are summarized in Fig. 4 :
On the other hand, KPI's were statistically studied taking into account the separation between their current performance and govern targets. In this respect, a set of findings were established. Some of them coincided with the findings described in VOC analysis (See Fig. 5 ) To establish a project portfolio, it is necessary to articulate findings from KPI's and VOC analysis with organizational goals. To support this activity, six professionals from Quality Department (2), Financial Department (2), General Management (1) and User Service Department (1) were selected to be part of the Six-Sigma team. Each of these participants had more than 17 years of experience in healthcare sector and had a broad knowledge of all the processes associated with the hospital under study. After creating the Six-Sigma team, organizational goals were identified and linked to each of the findings (See Table 2 ).
With basis on the information provided in Table 2 , the next step consisted about defining a set of Six-Sigma projects responding to the findings described above. The results (See Fig. 6 ) were discussed with the SixSigma team and the hospital director. Both agreed with the resulting project portfolio.
Phase III. Prioritization
After selecting a portfolio with 6 projects, a total of 3 strategies, 4 criteria and 15 sub-criteria were identified with the support of the Six-Sigma team and the pertinent literature. Based on this, a MCDM model was designed to select the project with the highest positive impact for the hospital (See Fig. 7) .
To evaluate the project portfolio, a combined ANP-DEMATEL technique was used as explained in Fig. 3 of BMethodology^Section. In this stage, the Six-Sigma team made the pairwise comparisons for both DEMATEL and ANP methods according to the decision-making model described in Fig. 5 . As a result of this process, the weights of criteria, sub-criteria and strategies were calculated. It was determined that each strategy contributed equally to the goal (33.3 %) as well as each criteria (25 %). The weights of subcriteria have been illustrated in Fig. 8 .
Furthermore, DEMATEL results evidenced strong dependence in each of the clusters described in the decision-making Given the above, the potential Six-Sigma projects were evaluated. The scores obtained by each project are shown in Fig. 9 . It can be observed that project SSP1 (Improvement of appointment lead time in obstetrics outpatient) obtained the highest score (23.36 %).
Phase IV. Execution
Define Understanding the importance of providing great clarity in defining the problem of the obstetrics outpatient department, To define the current status of the obstetrics outpatient department, appointment lead time was studied and diagramed using a line chart with the aid of MINITAB software. It should be noted that the upper specification limit has been established by the Ministry of Social Protection and Health (8 days/appointment on average).
At the moment of assessing the process, average appointment lead-time is equal to 6.89 days with a deviation standard of 1.57 days. Figure 10 evidences that this department has overpassed the upper specification limit in months 3, 9 and 10 (March, September and October). This can be represented with a 24.03 % chance of overpassing this target. The higher value (9.33 days/appointment) took place in October since the number of pregnant women use to be bigger in this period of the year. A box-plot (See Fig. 11 ) has also graphed to evidence the variation of the process and with whiskers limited by 4.31 days/app and 9.33 days/app, the process needs a serious intervention since this is reflected in longer waiting times for pregnant women who could develop severe complications and put their babies at risk. With this information, a project charter was designed setting out two metrics (operational cost, appointment lead time), project duration of 6 months, the scope of the project (obstetrics outpatient department), potential benefits for all the stakeholders (patients, hospital director, government, employees) and a brief outline of the problem.
To learn more about the process, a SIPOC (Supplier, Inputs, Process, Outputs and Customers) diagram has been designed (See Fig. 12 ). This lets us to assess the impact of the different factors that affect the process and the existing relations between themselves. In this case, it can be observed that STATISTICS department play an important role in the process because it is distinguished as both SUPPLIER and CUSTOMER of the obstetrics outpatient department. Inputs and outputs of the process are also noticed and will be under careful considerations in next steps.
Measure
As next stage, Six-sigma team proceeds with assessing the current state of the OOD. For this, data and information about appointment lead time were gathered with the aid of Software Department of the hospital. These data were extracted from the database of the hospital where all the appointments (n = 4020) corresponding to its last operational year were listed together with their request and consultation dates. As next step, with the support of Minitab Software ®, appointment lead-times were calculated. Then, an AndersonDarling normality test was performed to establish whether this data have a normal distribution (See Fig. 13) .
With a p-value of 0.829, there is sufficient evidence to conclude that this data is normally distributed and also potential atypical points are not illustrated in the graph. On the basis of this conclusion, the use of non-parametric techniques is discarded.
Furthermore, a process capability analysis (See Fig. 14) is also performed to determine how capable the process is to fulfill the requirements, in this case, upper specification limit established by the Ministry of Health and Social Protection (USL = 8 days/appointment). Table 3 summarizes all Six Sigma indicators. It can be observed that with a Cps of 0.235, the process is not capable to ensure the compliance of government target with regard to obstetrics outpatient. With this result, the process is categorized with the worst grade (Class 4), which means that serious changes are required. This is also confirmed by the short-term sigma level (0.72) which is very low upon considering B0^as the lowest value. This sigma level is equivalent to 322,800 PPM (Parts per million defective), meaning that out of every million appointments, 322,800 will have an appointment lead 
Analyze
It has been concluded that appointment lead time of OOD is not satisfactory and requires serious interventions. For this reason, it is necessary to explore the potential causes of the problem through a fishbone diagram (See Fig. 15 ). These causes were identified by the Six-Sigma team members according to their experience and opinions provided by patients (patient satisfaction surveys), doctors and support staff in a 4-h session.
The so-called cause and effect diagram provided meaningful findings and guided Six Sigma team towards the creation of more precise improvement strategies. Upon analyzing each possible cause, the team determined that last-minute cancellation affected the appointment lead time of the department. To establish this, cancelled appointments were collected together with their request, scheduling and re-scheduling dates in order to calculate the average rate of increase for the lead-time. Results evidenced that patients with cancelled appointments tended to wait for 8.12 days more which has negative implications on their health status. Furthermore, a sub-specialty called perinatology was affecting with a correlation coefficient of 54.59 % (See Fig. 16 ), being highlighted as the main variation source of appointment lead time in OOD. To determine this, appointment lead-times for perinatology were obtained and correlated with appointment lead-time in OOD. This is also linked to the fact that 35.13 % of the cancelled appointments are related to this sub-specialty.
A more in-depth analysis evidenced that there was only one perinatologist who served patients from 8 am to 12 m, 2 days in a week. The rest of his schedule was distributed among different functions that could be assumed by a gynecologist. In some cases, lead time of a perinatology appointment overpassed 21 days which is very risky for women with high-risk pregnancy. On the other hand, anticipated programming of appointments and late deliveries of medical records were also significant on appointment lead time of OOD but with minor effects. To measure non-delivery of medical records, a format was designed to establish the number of records that were provided to the physicians per day and then relate it to the amount of records that had to be delivered in that time. With these data, effectiveness of this activity could be quantified (See Fig. 17 ). As it can be observed, the number of cancelled appointments is highly minor regards to the number of medical records that were not delivered.
On the other hand, appointments with anticipated scheduling were filtered from the database of the hospital. Normally, these patients preferred requesting their next appointments on the same day of consultation. This policy was affecting appointment lead-time with a correlation coefficient of 23.4 %. The rest of the causes were proved as non-significant for OOD lead-time.
Improve
Six Sigma team of this hospital constituted a fundamental contribution at the moment of designing strategies for the process enhancement. As a result, four improvements were defined (See Fig. 18 ) and implemented with considerable outputs (See Table 4 ).
The resulting data were also extracted from the database of the hospital where the appointments corresponding to 3 months after intervention (n = 1005) were collected together with their request and consultation dates. As a next step, with the support of Minitab Software ®, appointment lead-times were calculated. Results evidence OOD increased its sigma level by 2.45 which represented a new sigma level of 3.16. This means that out of 1'000.000 appointments, 46,500 will be scheduled with a lead time greater than 8 days/appointment. Efficiency rate consequently improved by 27.63 % and probability of overpassing USL decreased up to 4.65 % which is low. Cps also increased up to 1.054 which means that involved processes in OOD are partially adequate to comply with governmental standards. Finally, a comparative analysis between initial and final status of OOD with regard to appointment lead time is shown to prove the effectiveness of the proposed approach (See Fig. 19 ). The flowchart of obstetrics outpatient department after improvement can be observed in Fig. 20 . An inspection stage has been added to avoid anticipating scheduling with more than 1 week ahead.
Control
Maintaining the improvements already achieved is a really challenging step due to the existence of different barriers in hospital personnel (Resistance to change). However, some Six Sigma projects fail due to poor control plans [22] . For this reason, it is required to create effective strategies to ensure a correct quality control and monitoring of the process. In this case, an individual control chart was designed to check the performance of appointment lead time in OOD with the purpose of detecting and preventing potential falloffs in the process. Furthermore, implemented improvements were documented in Quality Management System of the hospital where they can be consulted online by the employees. Finally, results were presented to the steering committee of the hospital which expressed its full satisfaction with the improvements achieved.
Conclusions
Healthcare industry is currently addressing with the increased pressure of reducing operational costs and enhancing highquality levels of care. Six-Sigma provides an understandable framework to achieve these goals and its benefits have been widely proved in multiple healthcare scenarios. Particularly, this paper concentrated on implementing Six Sigma in obstetrics outpatient department of a maternal-child hospital through a four-phase methodology that starts with the identification of improvement opportunities and finishes with the application of DMAIC cycle.
Results evidence the effectiveness of the proposed approach. Specifically, the average appointment lead time of this department reduced from 6,89 days to 4,08 days and the deviation standard dropped from 1,57 days to 1,24 days which represents that out of 1.000.000 appointments, 46,500 will be scheduled with a lead time greater than 8 days. In this way, women with high-risk pregnancy will have shorter waiting times before consultation, meaning that there is a minor risk of developing complications that could result in perinatal and/ or maternal mortality.
This approach will guide practitioners and decision makers in healthcare services to achieve a better performance in obstetrics outpatient services. For future work, it is recommended to integrate financial models into the proposed framework with the purpose of assessing the economic affectations of the project.
